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ABSTRACT 



A system for optimizing the purge cycle of a fuel cell stack 
responsive to the performance of the fuel cell. The system 
includes a controller that measures a process parameter 
indicative of the rate at which water is being produced in the 
fuel cell. If the measured value exceeds a threshold value, 
then the purge assembly is automatically actuated. 
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SYSTEM AND METHOD FOR OPTIMIZING Too infrequent purging of the fuel cell results in accumu- 

FUEL CELL PURGE CYCLES lation of water within the fuel cell, thereby producing the 

FIELD OF THE INVENTION flooding and other undesirable conditions described above. 

Too frequent purging of the fuel cell will remove too much 

The present invention relates generally to fuel cell 5 water wWch ^1 reS ult in the drying of the membrane. As 

systems, and more particularly to a system and method for ^ membrane dries, its resistance increases, requiring more 

optimizing the purge cycle of a fuel cell stack. pQwer tQ hydrogen ions across ^ membrane . ^ 

BACKGROUND AND SUMMARY OF THE reduces the efficiency of the fuel cell. Another disadvantage 

INVENTION of too frequent purging of the anode chamber is that hydro- 

An electrochemical fuel cell is a device that reacts a fuel 10 gen gas is exhausted when the anode chamber is purged, 

source with an oxidizing agent to produce an electric cur- Since hydrogen is essentially the fuel required to produce 

rent. Commonly, the fuel source is a source of protons, such current with the fuel cell, it can be understood that unnec- 

as hydrogen gas, and the oxidizing agent is oxygen. An essary purging of the anode chamber wastes fuel that could 

example of a fuel cell utilizing these reactants is a proton be otherwise used to produce an electric current in the fuel 

exchange membrane (PEM) fuel cell, in which hydrogen gas 15 cell. 

is catalytically dissociated in the fuel cell's anode chamber Neither of these cotlditions fe desirable, so the fuel cell is 

into a pair of protons and electrons. The liberated protons are conventionally purged based on a time d interval correspond- 

drawn through an electro ytic membrane into the fuel ce 11 s aQ rate of For j ft be 

cathode chamber. The electrons cannot pass through the j * u if r j *u- * J 1 * 

, j * * j * * 1 4 u u * 1 pureed for one-half of a second every thirty seconds of 

membrane and instead must travel through an external ^ & . , , , . i „/, . r 

circuit to reach the cathode chamber. In the cathode 20 °P eratl f on * *™***> th f ^ ^ 

chamber, the protons and electrons react with oxygen to <3 uent for some 0 P eratm S states and t0 ° often for others - 

form water and heat. The net flow of electrons from the Therefore, there is a need to optimize the purge cycle of 

anode to the cathode chambers produces an electric current, a frel or fael cel1 stack > based on the operating state of 

which can be used to meet the electrical load being applied the fuel cell by correlating the purging of the fuel cell with 

to the fuel cell by an associated electrical device, such as a the rate at which water k produced in the fuel cell. The 

vehicle, boat, generator, household, etc. invention described herein provides a system and method for 

Ihe fuel cell's ability to transport hydrogen ions across optimizing the purge cycle of a fuel cell responsive to the 

the membrane is a function of the hydration of the mem- performance of the fuel cell, thereby removing the problems 

brane. Preferably, the membrane is at or near saturation with 30 ^countered Wlth too Sequent or mfrequent purging of the 

water absorbed into the membrane, and this water conducts &el celL ^ s y stem detccts the vahie of a P rocess Parameter 

the hydrogen ions across the membrane. To achieve this representative of the fuel cell's performance, and automati- 

desired level of saturation, the anode chamber is preferably callv actuates the cell ' s P ur S e assembly when this value 

at or near 100% relative humidity. However, at this level of exceeds a determined threshold value, 

humidity, water will tend to condense in the anode chamber. 35 Many other features of the present invention will become 

This water also must be periodically removed to prevent the manifest to those versed in the art upon making reference to 

operation of the fuel cell from being impaired. Too much the detailed description which follows and the accompany- 

water in the anode chamber will reduce the efficiency of the mg sheets of drawings in which preferred embodiments 

fuel cell because the water molecules will block the reacting incorporating the principles of this invention are disclosed as 

sites of the anode and prevent hydrogen ions from reaching ^ illustrative examples only, 
and being transported through the membrane. 

In the cathode chamber, water is more prevalent because BRIEF DESCRIPTION OF THE DRAWINGS 

it is a byproduct of the reaction occurring at the cathode. In FIG. 1 is a schematic diagram of a fuel cell system 

addition, water molecules are transported through the mem- constructed according to the present invention, 

brane with the protons, resulting in additional liquid water in 4S pjg 2 is a flow diagram showing a method for optimizing 

the cathode chamber. When this flooding of the cathode , he cydf . o£ a ^ ^ m according to me present 

chamber occurs and water droplets prevent oxygen mol- invention 

ecules from reaching the cathode, the operation and effi- _ . _ , ±i , _ .. . 

* #u *. i ti • • j FIG. 3 is a flow diagram for another method for optimiz- 

ciency of the fuel cell are impaired, At , 7 * « , j- . ^ 

_ - , . !" . f .i mg the purge cycle of a fuel cell system according to the 

Therefore, there is a need to remove water from the 50 invention 

chambers of the fuel cell. Typically, water is removed . ' . 

through periodic purging of either or both of the chambers FIG 4 15 a schematic front elevation view of a user 

through purge valves. These valves are briefly opened after interface for the controUer of the fuel cell system of FIG. 1. 

a defined period of time elapses to depressurize the chamber. DETAILED DESCRIPTION AND BEST MODE 

Accumulated water in the purged chamber is expelled with 55 -pjjg INVENTION 
the gases in the chamber. 

Aproblem with the conventional method of purging a fuel A fuel cell system according to the present invention is 

cell based on elapsed time is that the rate of water production schematically illustrated in FIG. 1 and generally indicated at 

is not proportional to the time elapsed since the fuel cell was 10. System 10 includes a fuel cell stack 12 consisting of one 

last purged. For example, if the fuel cell is producing current 60 or more fuel cells 14. The number of cells in the stack may 

at its maximum rate, it will produce and accumulate more vary, depending upon such factors as the desired power 

water, and therefore require more frequent purging, than output, the size limitations of the system, and the maximum 

when producing current at a lower, or even nominal rate. available hydrogen supply. As used herein, the term fuel cell 

Because the time interval at which the fuel cell is purged is stack may refer to either a single cell or multiple fuel cells 

fixed, sometimes the interval will be shorter than an opti- 65 operatively coupled together. 

mum interval. Other times, it will be longer than the opti- Each fuel cell 14 includes anode and cathode chambers 16 



mum interval. and 18 separated by an electrolytic membrane 20 through 
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which hydrogen ions may pass. Each chamber includes one (e.g., kWh) produced during an operative cycle. These 

or more electrodes (not shown). Electrons liberated from the parameters are suitable because they will change propor- 

hydrogen gas cannot pass through membrane 20, and instead tional to the degree to which the fuel cell is operating to 

must pass through an external circuit 22. This flow of produce an electrical current and will not markedly change 

electrons produces an electric current, which may be used to 5 wnen me system is in an idle or shut down mode of 

meet the electrical load applied to an associated electric operation. These variables are contrasted with time, which is 

device, such as shown at 23, as well as to power the not directly related to the rate at which the fuel cell is 

operation of the fuel cell system. producing current, and thereby producing water. Any other 

...... suitable process parameter meeting the condition of being 

Hydrogen and oxygen gases are respectively delivered to mmlated t0 the performance of the fuel cell stack, such as 

the anode and cathode chambers through hydrogen and 10 rf h d TOnsumptionby the fuel cell stack, may 

oxygen feeds 24 and 26 Oxygen may be supplied in a be ^ and fa , he of , he nt 

punned form, but typically will be supplied in the form of „ . t1 An . . , , . AC . ... 

. , , . . ™r i a i c ■ *ii i Controller 4U includes a memory device 46 m which a 

air, such as by a blower. The relative now rate of air will be t , . . r iL J , 

1L \. . c , c . threshold value for the process parameter is stored. The 

greater than that of pure oxygen because 01 the lower , • f a i *-i a i 

. a a k memory device may include volatile and nonvolatile por- 

relative concentration of oxygen atoms provided. 15 ' 4U ' .„ . „ r 

J& r tions. The threshold value will typically be stored m a 

One suitable source of hydrogen gas is the product stream nonvolatile portion of the memory device so that it does not 

from a fuel processor, which produces hydrogen by reacting need to bc reentcrcd should thc fael ^ be shut down or lose 

steam with an alcohol or hydrocarbon vapor (steam pQWcr 0ther stored vahies ^ such as the subsequently dis- 

reforming), or by partial oxidation of a hydrocarbon or cussed cumu i at i ve value of the process parameter, may be 

alcohol vapor, or by a combination of partial oxidation and stored ^ the volatik compori ent because they are periodi- 

steam reforming a hydrocarbon or an alcohol vapor, or by cally reset and only temporarily stored. Controller 40 auto- 

pyrolysis of a hydrocarbon or alcohol vapor. It is within the ma tically actuates the purge assembly if the value of the 

scope of the present invention that system 10 may include a process parame ter meets or exceeds the threshold value. For 

fuel processor, such as shown in FIG. 1 in dashed lines at 28. example, the controller may commu nicate with the purge 

In such an embodiment, the system is more commonly assembly vial:ommunic ationlInT"4 r 87 Tri'e operltwe^IepTin— 

referred to as a fuel processing system. Examples of suitable tfnTp rocess are ' s hown in F1G~2 

fuel processors are disclosed in U.S patent application Ser. M 5Q residual Qr iousl stoied value of ^ 

No. 09/291 447, the disclosure of which is hereby incorpo- s eter ^ Ksei} and then at 52> the value 

rated by reference. It is within the scope of the present G f the parameter is measured or detected, such as with sensor 

invention that any other type of fuel processor may be used, 44 ^ measured value is commumca ted to me controller, 

such as those discussed above and that any other suitable ft should be ^^a ^ sensor 44 but does not 

source of hydrogen gas may be used. Examples of other necessaril a tran sducer in communication with the 

sources of hydrogen include a storage device such as a c^lte: may inc i ude one or more 

storage tank or hydnde bed, containing a stored supply of ^ transducers adaptcd to rcceive arld interprct the signal from 

y ogen gas. tbe ^j^^ 5^ the con t r oller compares the value of the 

Fuel cell system 10 further includes a purge assembly 30 process parameter to a determined threshold value, such as 

including at least one purge valve 32 that may be selectively may be stored in me mory device 46. If the value of the 

opened to depress ur ize the fueLcells_a nd_therebv_ exhaust process parameter is at least as large as the threshold value, 

gase s and waleT^uiiru p within the anode and/or cathode ^ tne n at 56, the controUer actuates the purg e assembly an d 

^amrjersT Purge assemr51y*30 may include one or more st eps 50-54 IJelrepelu^^^^ param- 

sufjassemblies, each containing one or more purge valves. et er does not exceed the threshold value, then steps 52-54 

Any suitable valve may be used, however, normally closed are repeated. 

solenoid valves have proven effective. As shown, both the ^ vaIue of the process parameter may be a cumulative 

anode and cathode chambers include at least one purge 4S vahlCj such ^ a ninning lotal ^ which each periodic 

valve, however, it is within the scope of the present inven- measureme[lt is added to the existing total. When this total 

gon that only one, of the chambers of each cell is purged. meets or exceeds the threshold value , theQ the purge assem . 

Similarly, when fuel cell stack 12 includes multiplefuelcelli bly is automatica n y actuat ed and the total is reset. A flow 

14, each cell may contain its own purge valve(s), or the cells diagram illustrating this method is shown in FIG. 3. As 

may be purged in selected groups or all together. 5Q showilj me cumu i ative tota i va i ue of the process parameter 

System 10 further includes a controller 40 that is reset at 60. At 62, the value of the process parameter is 

communicates, via a communication line 44, -with a sensor, measured, and at 64, this measured value is added to the 

or sensor assembly, 42 adapted to measure the value of a cumulative total value. This running total may be stored, for 

process para meter that is representative of the performance example, in the controller's memory device. At 66, the 

of yyiJLem T07 The communication lines 'a" escribed herein 55 cumulative total is compared to the stored threshold value, 

m^5rbT~any suitable linkage for sending and/or receiving and if the total is at least as large as the stored threshold 

signals between the associated elements of the system. For value, then the purge assembly is actuated at 68 and the 

example, any suitable mechanical linkage, or wired or process starts over. If not, steps 62-66 are repeated, 

wireless electronic linkage may be used. I n the above discussion, the purge assembly is automati- 

The process parameter may be any quantitative measure- 60 cally actuated if the cumulative or instantaneous value of the 

ment of the performance of the fuel cell stack, such as the process parameter is at least as great as the stored threshold 

relative rate at which water is being generated in the fuel cell value. It should be understood that any desired relationship 

stack due to operation of the fuel cell stack during an between these values may be used and is within the scope of 

operative cycle, with an operative, or purge, cycle being the the present invention. For example, the controller may be 

period of operation between purges. Examples of suitable 65 configured to actuate the purge assembly if the value is equal 

process parameters include the cumulative amp- hours of to the threshold value, greater than the threshold value, 

current produced during an operative cycle and the power within a selected percentage of the threshold value, greater 
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than or equal to the threshold value for a determined number controller without a user interface, and that it is not required 

of consecutive measurements, etc. Therefore, the system for the user interface to include all of the elements described 

may be described as being purged if the measured value herein. The elements described above have been schemati- 

exceeds a determined value, with the determined value cally illustrated in FIG. 4 collectively, however, it is within 

being the minimum value required to cause the controller to 5 & e scope of the present invention that they may be imple- 

actuate the purge assembly. Therefore, the determined value mented separately. For example, the user interface may 

may a value equal to the stored value, a value that exceeds include multiple display regions, each adapted to display 

the stored value, a value that is within a selected percentage 0 ? c or more of the types of user information described 

of the stored value etc above. Similarly, a single user input device may be used, and 

' .* . , the input device may include a display that prompts the user 

Although the preceding discussion describes actuating the 10 tQ emer requefited vahiefi or enab[es ^ user {Q loggle 

purge assembly if the value of the process parameter equals between input screens 

or exceeds a threshold or other .determined value it is within ^ ^ has been disdosed in . ferred 

tne scope ot the present mvention that the controller may be f ^ ffic embodimen(s ^ [eo{ 

as disclosed and 

adapted to actuate the purge assembly if any other selected i]lustrated herein are not to be consjdered m a hnliting sense 

re auonship exists between the measured value and a 15 ^ numerous variations are ible . It ^ intended that 

selected or stored value. For example, in some embodiments i • T 4 m ,„ , p _ 

... .. , ^ . . , , singular terms used herein do not preclude the use ot more 

of the mvention, it may be desirable to measure a value of p *u * 1 ~ * j (U » u j- * - 

' , , , , .„ « . than one of that element, and that embodiments utihzine 

a process parameter and actuate the puree assembly if this „ iU c i i . *u • •! 

i . , , , • j i more tnan one of any particular element are within the spirit 

value is less than a determined value. . c *t_ * ■ * i- j 4L 

and scope of the present invention. Apphcant regards the 

Although discussed above in terms of a PEM fuel cell, it 1 sub j ect mat t er of the invention to include all novel and 
is within the scope of the present invention that controller 40 non-obvious combinations and subcombinations of the vari- 
may be implemented with other forms of fuel cells. For ous elements, features, functions and/or properties disclosed 
example, the system may be implemented with other low herein. No single feature, function, element or property of 
temperature fuel cells, such as alkaline fuel cells. The tne disclosed embodiments is essential to all embodiments, 
invented system and method may also be implemented with -phe following claims define certain combinations and sub- 
high temperature fuel cells, in which there is a need to combinations that are regarded as novel and non-obvious, 
periodically purge the fuel cell to exhaust accumulated inert other combinations and subcombinations of features, 
gases, such as nitrogen or methane. functions, elements and/or properties may be claimed 

Controller 40 may be implemented with either a digital or 3Q through amendment of the present claims or presentation of 

an analog circuit, or a combination of the two. For example, new claims in this or a related application. Such claims, 

the controller may include software executing on a whether they are broader, narrower or equal in scope to the 

processor, or it may be an analog circuit. Regardless of how original claims, are also regarded as included within the 

controller 40 is implemented, it is preferable, but not subject matter of applicant's invention, 

required or essential, that the controller includes a user 35 I claim: 

interface. An example of a user interface is schematically 1. A method for controlling the purge cycle of a fuel cell 

shown in FIG. 4 and indicated generally at 70. Interface 70 stack, the method comprising: 

enables a user to monitor and/or interact with the operation providing a fuel cell stack including at least one fuel cell 

of the controller. adapted to produce an electric current and a purge 

As shown, interface 70 includes a display region 72 in ^ assembly including at least one purge valve; 

which information is presented to the user. For example, measuring a value of a process parameter representative 

display region 72 may display the current value of the of the performance of the fuel cell stack; 

process parameter and the threshold value. When the method comparing the value of the process parameter to a deter- 

of FIG. 3 is utilized, the display region may also include the mined value; and 

cumulative total value of the process parameter. It should be 45 actuating the purge assem bly if the value of the process 

understood that other information regarding the operation parameter exceeds the determined value, 

and performance of the fuel cell system may also be dis- 2 ^ method of claim t wherein lhe method ioda6ss 

played m region 72. For example, display 72 may display Tts&iiing the value of the process paramete r upon actuation 

such information as the current time and the elapsed time 0 f t ^ e pur g e ^sernbty 

since the purge assembly was last actuated. Also shown in 50 3> ^ method of daim 1? wherein the method is a 

FIG. 4 is a user input device 74 through which a user computer-implemented method. 

communicates with the controller. For example, input device 4 ^ method of claim ± wherem the fael ^ stack 

74 may enable a user to adjust the threshold value and/or to indudes at least one (on exchange m e m brane fuel cell, 

select a process parameter to be used from an array of 5 ^ method of claim 1? wherein the ss parameter 

suitable variables. Input device 74 may include any suitable 55 includes a variable ad ted tQ ch propor tional to the 

device for receiving user inputs, including rotary dials and performance of the fuel cell stack. 

switches, push-buttons, keypads, keyboards, a mouse, touch 6 ^ method of claim 5? wherein me process parameter 

screens, etc. includes a variable adapted to change directly proportional 

Also shown in FIG. 4 is a user input device 76 that signals t 0 the performance of the fuel cell stack, 

the controller to automatically actuate the purge assembly. 6 o 7. The method of claim 1, wherein the process parameter 

This permits a user to manually cause the fuel cell stack to includes a variable adapted to change proportional to the 

be purged, regardless of whether the value of the process current being produced by the fuel cell stack, 

parameter exceeds the threshold value. Preferably, actuating 8. The method of claim 1, wherein the process parameter 

input device 76 also resets the value of the process param- includes the power produced by the fuel cell stack. 

eter * 65 9. The method of claim 1, wherein the process parameter 

It should be understood that it is within the scope of the includes the rate at which water is generated the fuel cell 

present invention that the fuel cell system may include a stack. 
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10. The method of claim 1, wherein the value of the 
process parameter is a cumulative value of the process 
parameter during an operating cycle of the fuel cell stack. 

11. A system for controlling the purge cycle of a fuel cell 
stack, comprising: 5 

a fuel cell stack including at least one fuel cell adapted to 
receive a flow containing hydrogen gas and produce an 
electric current therefrom; 

a purge assembly including at least one purge valve 
adapted to selectively purge the fuel cell stack to reduce 10 
the concentration of a selected composition therein; 

a sensor assembly including at least one sensor adapted to 
measure a value of a process parameter representative 
of the performance of the fuel cell stack; and 

a controller adapted to actuate the purge assembly if the 
value of the process parameter exceeds a determined 
value. 

12. The system of claim 11, wherein the selected com- 
position is water. 2 o 

13. The system of claim 11, wherein the controller 
includes a memory device in which the determined value is 
stored. 

14. The system of claim 11, wherein the controller 
includes at least one analog circuit for comparing the value 25 
of the process parameter to the determined value and actu- 
ating the purge assembly if the value of the process param- 
eter exceeds the determined value. 

15. The system of claim 11, wherein the controller 
includes software executing on a processor. 30 

16. The system of claim 11, wherein the fuel cell stack 
includes at least one proton exchange fuel cell. 

17. The system of claim 11, wherein the process param- 
eter includes the current produced by the fuel cell stack 
during an operative cycle. 35 

18. The system of claim 11, wherein the process param- 
eter includes the power produced by the fuel cell stack 
during an operative cycle. 

19. The system of claim 11, wherein upon actuation of the 
purge assembly, the controller is adapted to reset the value 40 
of the process parameter. 

20. The system of claim 11, wherein the controller further 
includes a user interface adapted to receive user inputs and 
communicate the user inputs to the controller. 



21. The system of claim 20, wherein the user interface is 
adapted to receive a user input selecting the process param- 
eter to be measured by the sensor assembly. 

22. The system of claim 20, wherein the user interface is 
adapted to receive a user input selecting the determined 
value. 

23. The system of claim 11, wherein the system further 
includes a fuel processor adapted to produce the flow 
containing hydrogen gas. 

24. The system of claim 11, wherein the system further 
includes at least one device adapted to apply an electrical 
load to the fuel cell stack. 

25. In a fuel cell stack, an improvement comprising means 
for measuring a value representative of the current produced 
by the fuel cell stack during an operating cycle and selec- 
tively actuating a purge assembly when the value deviates 
from a threshold value by more than a selected increment. 

26. The improvement of claim 25, wherein the stack 
includes a user interface adapted to receive a user input 
corresponding to the selected increment. 

27. A fuel cell processing system, comprising: 

a fuel cell stack including at least one fuel cell, wherein 
each fuel cell comprises an anode chamber and a 
cathode chamber separated by an electrolyte, wherein 
the anode chamber is adapted to receive a flow con- 
taining hydrogen gas and the cathode chamber is 
adapted to receive a flow containing oxygen gas; 

a purge assembly adapted to selectively purge the fuel cell 
stack; and 

means for measuring a value of a process parameter 
representative of the performance of the fuel cell stack 
and actuating the purge assembly if the value exceeds 
a determined value. 

28. The system of claim 27, wherein the system further 
includes a fuel processor adapted to produce the flow- 
containing hydrogen gas. 

29. The system of claim 27, wherein the system further 
includes at least one device adapted to receive an electric 
current produced by the fuel cell stack. 
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